Abstract-The effect upon perceived location of adding an extra dot offset from the centre of a cluster of pseudorandom dots was investigated using a vernier acuity task. With this technique, weighting functions showing the extent to which the added dot pulls the apparent location of the entire cluster can be defined as a function of distance from the centre of the cluster. When dot density within the cluster is high, the weighting functions approximate to what would be expected on the basis of centroid alignment. With low dot densities, it appears that performance is determined by aligning the outermost dots within each cluster. The peak amplitudes of these weighting functions are proportional to the square root of dot density within the clusters. The results are consistent with the view that each vernier element is localised in an orthoaxial direction prior to discrimination of the vernier offset.
INTRODUCTION
The design of the human visual system confers a very precise ability to determine the relative location of objects within the visual field. Indeed, so high is this precision that several types of tasks involving relative localisation have been grouped together in order to distinguish them from other types of visual threshold. The term 'hyperacuity' has been introduced in order to describe this situation (Westheimer, 1975) , and, although originally reserved for the visual thresholds themselves, it has come to be widely used to describe the tasks which give rise to these thresholds. Given the accuracy of these spatial judgements it would be most surprising if the visual information thus obtained was not widely used in everyday situations. In actual fact it is likely that relative localisation plays a vital role in determining visually guided behaviour, including self-motion toward or away from other objects, guidance of voluntary saccades and, importantly, depth perception (McKee et al. 1990 ). In addition, any change in the relative location of objects is a reliable indicator of movement and appears to form the basis for the threshold detection of certain types of motion (Whitaker and MacVeigh, 1990) .
The physiological mechanisms which mediate hyperacuity analysis are as yet unclear. This is also true of another closely related problem, namely what physical aspect of an object determines its location? Without the answer to this latter question, surely a solution to the mechanism of hyperacuity judgement becomes more remote. Perhaps the simplest way in which the location of an object might be assigned is to determine the position of its boundaries or edges. In many instances, particularly with larger objects, the location of just a single, closest edge is the primary factor. With smaller objects, however, the location of both edges allows positional and size judgements to be made. Size is determined by the physical distance between the two boundaries whereas position may, for example, be accepted as a point midway between these two. In this latter instance it should be noted that this estimate of location is independent of the light distribution within the object, i.e. between the two edges. This is an attractive property of any localisation model since position is thus independent of variable external influences such as shadows resulting in gradual luminance changes across the object. However, it has been shown that this is not necessarily the case, but that perceived object location can be highly dependent upon its internal light distribution (Westheimer and McKee, 1977a; Whitaker and Walker, 1988) . In a vernier acuity experiment, Westheimer and McKee (1977a) were able to alter the light distribution within their stimulus and found that even though edge position remained the same, the position of vernier alignment was altered. They concluded that object location was assigned to a sort of centre of gravity or centroid of the entire light distribution. Whitaker and Walker (1988) investigated the ability to align two clusters of dots one above the other in a vernier task. By suitable arrangement of dots within each cluster, the relative position of the centres of gravity of the clusters could be easily manipulated over a wide range without affecting the position of the dots representing the cluster boundaries. Again, subjective alignment was found to depend on the centroid of the cluster. Further, their results strongly suggested that the centre of gravity analysis was perfectly analogous to a physical method of moments. Each constituent dot within the cluster has equal weighting, but the influence of each dot on the centroid of the whole is directly proportional to its distance from the cluster centre. Here we describe a series of experiments designed to test this model.
METHOD
All stimuli consisted of two clusters of pseudo-random dots situated one above the other. They were presented on the face of a high resolution RGB colour monitor (Eizo 8060S) having a dot size of 0.31 mm. The dots were bright (the luminance of the screen completely filled with dots was 24 cd m-2) and were superimposed on a dark background. Control of the stimuli and data analysis were performed by a Research Machines Nimbus AX microcomputer.
Viewing was monocular from a distance of 8 metres with room lights extinguished. The two authors and two naive observers participated in all experiments. All four were low-to-moderate myopes wearing their full refractive correction. Observers were required to decide whether the upper cluster was offset to the right or left of the lower cluster, i.e. a vernier task. No specific instructions were given to the observer regarding the strategy they should use to solve the task. Furthermore, all subjects felt that their decisions were automatic rather than being based on a conscious analysis of stimulus structure prior to response.
In the basic stimulus (Fig. 1 a) , each cluster contained 16 dots and these dots were contained within an imaginary area 400 arcsec square. The production of the dots was not entirely random within this area, the following constraints being imposed on each individual dot location:
(1) A dot was always placed at the extreme right and left hand edges of the imaginary square and this served to delineate the horizontal extent of the cluster. The vertical co-ordinates of these dots were random.
(2) Other dots were randomly placed within the square with the constraint that for each dot to the left of the geometric centre there was another dot placed an equal horizontal distance to the right. The vertical co-ordinates of all these dots were random. This procedure had the effect of balancing the cluster so that the centroid of this basic stimulus, measured along the x-axis, was always at the geometric
